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Background: Radiology plays a highly crucial role in the diagnosis, treatment, and prognosis prediction 
of dilated cardiomyopathy (DCM). Related research has increased rapidly over the past few years, but 
systematic analyses are lacking. This study thus aimed to provide a reference for further research by 
analyzing the knowledge field, development trends, and research hotspots of radiology in DCM using 
bibliometric methods.
Methods: Articles on the radiology of DCM published between 2002 and 2021 in the Web of Science 
Core Collection database (WoSCCd) were searched and analyzed. Data were retrieved and analyzed using 
CiteSpace V, VOSviewer, and Scimago Graphic software, and included the name, research institution, and 
nationality of authors; journals of publication; and the number of citations.
Results: A total of 4,257 articles were identified on radiology of DCM from WoSCCd. The number of 
articles published in this field has grown steadily from 2002 to 2021 and is expected to reach 392 annually by 
2024. According to subfields, the number of papers published in cardiac magnetic resonance field increased 
steadily. The authors from the United States published the most (1,364 articles, 32.04%) articles. The author 
with the most articles published was Bax JJ (54 articles, 1.27%) from Leiden University Medical Center. 
The most cited article was titled “2016 ESC Guidelines for the diagnosis and treatment of acute and chronic 
heart failure”, with 138 citations. Citation-based clustering showed that arrhythmogenic cardiomyopathy, 
T1 mapping, and endomyocardial biopsy are the current hots pots for research in DCM radiology. The most 
frequently occurring keyword was “dilated cardiomyopathy”. The keyword-based clusters mainly included 
“late gadolinium enhancement”, “congestive heart failure”, “cardiovascular magnetic resonance”, “sudden 
cardiac death”, “ventricular arrhythmia”, and “cardiac resynchronization therapy”.
Conclusions: The United States and Northern Europe are the most influential countries in research on 
DCM radiology, with many leading distinguished research institutions. The current research hots pots are 
myocardial fibrosis, risk stratification of ventricular arrhythmia, the prognosis of cardiac resynchronization 
therapy (CRT) treatment, and subtype classification of DCM.
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Introduction

Dilated cardiomyopathy (DCM) is a common myocardial 
disease that causes left ventricular or biventricular 
enlargement, impairing heart function when ischemic 
cardiomyopathy and allostatic load state are excluded 
(1,2). Common risk factors for DCM include mutations in 
certain genes—such as TTN, LMNA, PLN, and FLNC—
viral infections, long-term alcohol intake, and pregnancy. 
These factors ultimately lead to decreased myocardial 
systolic function, adverse myocardial remodeling, and 
increased risk of complications such as heart failure (HF), 
arrhythmia, and sudden cardiac death (3,4). The incidence 
of DCM in the general population is approximately 1/400 
to 1/250, and the 5-year survival rate of patients with DCM 
is as low as 50% (3,5). Cardiac imaging is used for DCM 
diagnosis and prognosis prediction. Echocardiography 
and cardiac magnetic resonance imaging (MRI) are used 
for the quantitative analysis of the cardiac morphology, 
function, and analysis of myocardial tissue characteristics. 
Definitive DCM diagnosis is performed using computed 
tomography (CT) imaging, positron emission tomography 
(PET) imaging, and single-photon emission CT (SPECT) 
(6,7). Regarding treatment, late gadolinium enhancement-
cardiac magnetic resonance (LGE-CMR) imaging improves 
the timing of the implantation of cardiac resynchronization 
therapy (CRT) and implantable cardioverter defibrillator 
(ICD) based on left ventricular ejection fraction (LVEF) (8). 
Therefore, cardiac imaging plays an important role in the 
diagnosis and treatment of DCM.

The pace of research on DCM radiology has increased 
rapidly over the past 20 years. However, systematic analysis 
synthesizing the research content in this field to guide 
future study direction remains scarce. Therefore, we 
performed a bibliometric analysis to summarize the research 
output on the application of radiology in diagnosing and 
treating DCM. Details such as cooperation among the 
authors, countries, and preferred journals were collected. 
Additionally, current hots pots and future prospects in 
this area were identified (9). Articles on the application 
of radiology for DCM diagnosis and treatment published 
between 2002 and 2021 were located using CiteSpace V, 
VOSviewer, and Scimago Graphica software. The aim of 
this bibliometric analysis was to characterize the recent 
knowledge, current hots pots, and future prospects in this 
field.

Methods

Data collection

The Science Citation Index Expanded (SCI-Expanded) 
of the Web of Science Core Collection (WoSCC) has 
extensive coverage of high-impact literature and provides 
an accurate classification. To obtain a complete literature 
record and avoid publication date bias, we performed all 
searches in March 2022.

The search strategy used to search the literature 
from 2002 to 2021 was as follows: TS = [(Dilated 
cardiomyopathy) AND (Cardiac magnetic resonance OR 
CMR OR Magnetic resonance imaging OR MRI OR 
Myocardial perfusion OR LGE OR Late gadolinium 
enhancement OR T1 mapping OR Tissue tracking OR 
echocardiogram OR strain OR ultrasonic OR ultrasound 
OR Doppler OR Speckle tracking OR PET OR positron 
emission OR SPECT OR single photon emission 
OR Cardiac nuclide imaging OR CT OR computed 
tomography)]. We selected original articles and reviews as 
research objects, and studies from veterinary sciences and 
zoology that evaluated the treatment of diseases associated 
with animals rather than humans were excluded. Finally, 
4,257 records were retrieved and then exported in plain text 
format with complete records and references. The study 
flowchart is shown in Figure 1.

The information collected from the articles included the 
country of publication, institution, authors, citations, and 
keywords. Literature feature clustering mainly included 
references and keywords. Because the data and information 
were secondary data gleaned from an open-access database 
(WoSCC), informed consent and ethical approval were not 
required for this study.

Statistics and plotting

Excel 2021 (Microsoft Corp.), CiteSpace V software (v. 6.1. 
R3), VOSviewer (v. 1.6.18), and Scimago Graphica (v.1.0.23) 
were used in this study. We used Excel 2021 to visualize 
the trends of the number of articles published by year and 
draw the polynomial fitted curves of annual publication. 
CiteSpace V software was used to perform a co-occurrence 
analysis and visualize the collaborative networks of authors, 
institutions, countries, references, and keywords (10,11). 
Creation of the timeline of reference cluster and a related 
knowledge framework and development process was 
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completed using CiteSpace V. The strongest citation bursts 
of references and keywords were also calculated to identify 
new research directions and hots pots. We used VOSviewer 
and Scimago Graphica to draw the geographic visualization 
of international collaboration and complete analysis of 
institutional cooperation networks. We use CiteSpace V 
and VOSviewer to analyze keyword clustering, because of 
the difference algorithms.

Results

Publication year and publication trend

The number of annual publications on DCM increased from 
2002 to 2021 (Figure 2A) by approximately 200 per year.  
Among the published articles, the number of original 
articles fluctuated greatly and decreased over a given 
period, whereas the number of reviews increased steadily. 
The polynomial fitting analysis showed that the number 
of publications significantly correlated with the year of 
publication. The coefficients of determination (R2) of 
articles (include the original articles and the reviews), 
original articles (refers to original clinical studies), and 
reviews were 0.9864, 0.9793, and 0.9978, respectively 
(Figure 2B). Polynomial fitting analysis results predicted that 
the number of papers published in 2024 on DCM radiology 

will reach 392, including approximately 335 original articles 
and 57 reviews. Figure 2C shows the trend of publications 
in different DCM radiology subfields, including ultrasonic 
imaging, MRI, and nuclear medicine imaging. The number 
of publications on ultrasound and nuclear medicine imaging 
fluctuated significantly but has decreased in more recent 
years (Figure 2C). However, the number of publications in 
MRI increased steadily over the years [2002–2021], peaking 
in 2021 (174 papers).

Analysis of country, institution and author

In the past 20 years, researchers in 89 countries and regions 
published articles on DCM radiology. The top 10 countries 
and institutions are shown in Table 1. The top 3 countries 
in publications included the United States (1,364 articles), 
Italy (495 articles), and Germany (438 articles), with the 
United States being the most influential country. The 
geo-visualization map of collaboration between countries 
is shown in Figure 3. The United States had the most 
cooperation with other countries worldwide, especially 
with Nordic countries, and there was strong cooperation 
among the Nordic countries. In terms of centrality, the top 
3 countries were the United States (centrality 0.44), the 
United Kingdom (centrality 0.26), and the Netherlands 

Figure 1 The work flow diagram of the study.

4,257 records were exported in plain text format with complete records 
and references for bibliometric analysis

Records extracted from Web of Science Core Collection on March, 2022; 
6,285 articles were included

Excluded 531 nonoriginal articles 
and nonreview

Excluded 1,376 articles not 
published between 2002 and 2021

Excluded 121 veterinary science and 
zoology articles

General 
information

Analysis of countries, 
institutions, and authors

Analysis of 
references

Analysis of 
keywords
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Table 1 The top 10 most influential countries and prolific institutions

Rank Country Number of publications Centrality Institution Number of publications Total link strength

1 USA 1,364 0.44 Mayo Clinic 80 138

2 Italy 495 0.09 Leiden University 77 94

3 Germany 438 0.09 Johns Hopkins University 73 79

4 Japan 417 0.01 Royal Brompton Hospital 63 117

5 England 409 0.26 Washington University 58 107

6 Netherlands 263 0.05 Duke University 55 107

7 China 253 0.01 University of Pittsburgh 55 88

8 France 204 0.07 Kings College London 54 76

9 Canada 190 0.03 University of Oxford 54 46

10 Spain 151 0.10 CNR 50 80

CNR, Italy National Research Council.

Figure 2 Overall and subfield publication volume and trend curve. (A) Trends in publications and articles from WOS [2002–2021] by year 
in the field of DCM medical radiology. (B) Trends in publications from WOS [2002–2021] by year in the field of DCM medical radiology 
and the corresponding polynomial fitted curves. (C) Trends in publications and articles from WOS [2002–2021] by year in the subfield of 
DCM medical radiology. WOS, Web of Science; DCM, dilated cardiomyopathy.
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Figure 3 Geographic visualization of country collaboration.

(centrality 0.12). The centrality also indicated strong 
collaboration between the United States and the United 
Kingdom.

In terms of institutions, Mayo Clinic (81 papers) 
had the most publications, followed by researchers at 
Leiden University (76 papers), Johns Hopkins University  
(72 papers), and finally, Royal Brompton Hospital  
(64 papers). Figure 4 shows the level of collaboration 
between and among institutions; the darker the color is, the 
more institutions involved and the closer the collaboration. 
Among the institutions, the closest cooperation was 
observed among Mayo Clinic, Johns Hopkins University, 
Duke University, and Washington University. The second 
closest cooperation was between Leiden University in the 
Netherlands, followed by University College London, the 
University of Oxford, and finally, Kings College of London 
in the United Kingdom.

Table 2 shows the information on the top 15 most 
prolific authors. The top 15 authors published 312 articles, 
accounting for 7.33% of the total publications. The most 
prolific author was Bax JJ of Leiden University Medical 
Center, and other authors from the same center were in 
the top 15. The cooperation network among the authors 

was divided into 7 large network clusters, which were 
focused around 1 or 2 core authors, such as Bax JJ, Hirata 
K, Sinagra G, Aquaro G, Prasad S, Liu Y, and D’Andrea A, 
among others (Figure 5). A few years ago, several research 
clusters were significantly influenced by Bax JJ, D’Andrea A, 
and Hirata K. In recent years, other research clusters were 
more actively centered on Sinagra G, Aquaro G, Prasad S, 
and Liu Y.

Analysis of cocitation

Reference analysis is an important part of bibliometric 
analysis. The references cited by 2 or more articles are 
known as cocited references, and they were used to identify 
influential articles and journals in DCM radiology (10). 
Figure 6 shows the top 25 references in terms of strongest 
citation bursts. The most cited article was title “2016 ESC 
Guidelines for the diagnosis and treatment of acute and 
chronic heart failure: the Task Force for the diagnosis 
and treatment of acute and chronic heart failure of the 
European Society of Cardiology (ESC) developed with 
the special contribution of the Heart Failure Association 
(HFA) of the ESC” (138 times) (12). Among the top 5 cited 
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Figure 4 Density visualization of publications published by institutions generated with the VOSviewer software.

Table 2 The top 15 most prolific authors and their institutions

Author Institution Number of publications

Jeroen J. Bax Leiden University Medical Center 54

Sanjay K. Prasad Royal Brompton Hospital 29

Martin J. Schalij Leiden University Medical Center 22

Giovanni Donato Aquaro Monasterio CNR-Regione Toscana 20

Karin Klingel University of Tübingen 18

Gianfranco Sinagra University of Trieste 18

Brian P. Halliday Royal Brompton Hospital 18

Juhani Knuuti Turku University Central Hospital 17

Hidekazu Tanaka University of Pittsburgh 17

Ken-ichi Hirata Kobe University Graduate School of Medicine 17

Ernst E. van der Wall Leiden University Medical Center 16

Antonello D’Andrea Severance Hospital, Yonsei University College of Medicine 16

Hugo A. Katus Monaldi Hospital, Second University of Naples 15

Kensuke Matsumoto Leiden University Medical Center 15

Victoria Delgado Fondazione “G.Monasterio”, CNR-Regione Toscana 15
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Figure 5 The collaboration and co-occurrence network of authors generated with CiteSpace V software.

Figure 6 The top 25 references with the strongest citation bursts generated via CiteSpace V. White color represents the period in which 
the paper had not been published. Blue color represents the time period in which the citation was published. Red part color represents time 
period in which the reference burst occurred.
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Figure 7 Timeline view of the DCM medical radiology field since 2002. The emergence time point and time span of all clusters are shown. 
The numbers 0–11 refer to the top 12 clusters, and represents 12 different research directions. Colors indicate time: the warmer the color is 
the more recent the time. DCM, dilated cardiomyopathy.
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journals, Circulation (3,779 times) ranked first, followed 
by the Journal of the American College of Cardiology (3,545 
times), the American Journal of Cardiology (2,655 times), 
European Heart Journal (2,425 times), and New England 
Journal of Medicine (2,273 times).

Citation-based cluster analysis showed varied research 
hotspots in DCM radiology (13). Figure 7 shows the 
clustering and time distribution of the citations. The top 
10 clusters were “arrhythmogenic cardiomyopathy” (cluster 
#0), “pacing” (cluster #1), “late gadolinium enhancement” 
(cluster #2), “cardiac resynchronization therapy” (cluster 
#3), “T1 mapping” (cluster #4), “myocarditis” (cluster #5), 
“metabolism” (cluster #6), “endomyocardial biopsy” (cluster 
#7), “blood flow” (cluster #8), and “ventricular function” 
(cluster #9). Among these, 3 clusters, “arrhythmogenic 
cardiomyopathy” (cluster #0) and “endomyocardial biopsy” 
(cluster #7), had the highest number of published papers in 
recent years.

Analysis of keywords

The co-occurrence and citation burst of keywords were 
analyzed using the CiteSpace V software (14). The 
keywords are shown in Table 3. The most common keywords 
were “dilated cardiomyopathy” (2,326 times) and “heart 

failure” (1,494 times). Figure 8 shows the top 25 keywords 
in terms of strongest citation bursts and their distribution 
over time. The top 3 keywords based on the citation burst 
strengths were “late gadolinium enhancement”, “congestive 
heart failure”, and “cardiovascular magnetic resonance”. 
After 2018, the top 3 keywords based on the citation burst 
strengths were “sudden cardiac death”, “cardiac magnetic 
resonance”, and “ventricular arrhythmia”.

The keyword clusters were comprehensively analyzed 
using CiteSpace V and VOSviewer software. The results 
of analysis are shown in Figures 9,10. The most common 
keywords were “cardiac resynchronization therapy” and 
“cardiovascular magnetic resonance”. Additionally, various 
word clusters were identified, which included “heart 
failure”, “mitral regurgitation”, “myocarditis”, “sudden 
cardiac death”, and “left ventricular reverse remodeling”.

Discussion

General information

This study found that the overall development of DCM 
radiology research is steadily increasing. Based on the 
changes in the number of publications of various subfields 
in DCM radiology, CMR imaging plays a pivotal role in the 



Fang et al. Research status and trend of radiology in DCM7020

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(10):7012-7028 | https://dx.doi.org/10.21037/qims-23-34

diagnosis, prognosis prediction, and treatment of DCM. 
Literature analysis using CiteSpace V and VOSviewer 
software identified the stratification of ventricular 
arrhythmia, myocardial fibrosis, the prognosis of prediction 
of CRT, and the classification of DCM as the future 
research hot spots and directions in the areas of DCM and 
radiology.

In the analysis of countries and regions, developed 
countries, including the United States, Germany, and the 
United Kingdom, were found to be the most influential 
and prolific countries in DCM and radiology and to have 
cooperated closely with other countries. China is the only 
developing country among the top 10 countries in terms 
of publication volume in the area of DCM and radiology, 
suggesting that developing countries need to strengthen 
international cooperation and increase their research output 
in this area. The top-ranked author in terms of articles on 
DCM and radiology was Bax JJ from Leiden University 
Medical Center, suggesting that Leiden University 
Medical Center is and will be a major contributor to the 
development of DCM radiology. In the co-occurrence 
of authors, the author clusters were active in recent years 
and were centered around Sinagra G, Aquaro G, Prasad S,  
and Liu Y. This indicates that these authors could make 
significant breakthroughs in the DCM radiology field in a 

short time.
In the analysis of references, the most cited article was the 

“2016 ESC Guidelines for the diagnosis and treatment of 
acute and chronic heart failure”, published in the European 
Heart Journal. This guideline systematically analyzed 
the pathogenesis, epidemiology, clinical classification, 
diagnosis ,  prognosis ,  and treatment  of  HF (12) .  
We further identified HF as an important research hot spot 
in DCM research. Furthermore, advances in treating HF 
also provide directions for developing DCM radiology (8).  
In a timeline graph, the research on DCM radiology 
was divided into 4 stages: stage 1 [2002–2006] involved 
research focused on myocardial perfusion, cardiac rhythm 
changes, and CRT for arrhythmias; stage 2 [2006–2013] 
involved a research transition from CRT to myocarditis 
and myocardial metabolism; stage 3 [2011–2016] centered 
around advances in radiology techniques (CMR-LGE 
and T1 mapping) that enhanced the understanding of 
the microscopic structure of the myocardium, making 
myocardial fibrosis a research hots pot and a prognostic 
indicator of DC; stage 4 [2016–2021] was characterized by 
research on using radiology to comprehensively understand 
DCM and explore the value of using radiology techniques 
in the diagnosis, prognostic prediction, and assessment of 
DCM risk.

Table 3 The top 15 most frequent keywords and their centrality

Count Centrality Year Keyword

2,326 0 2002 Dilated cardiomyopathy

1,494 0 2002 Heart failure

478 0.01 2002 Idiopathic dilated cardiomyopathy

472 0.01 2005 Cardiovascular magnetic resonance

434 0.02 2003 Cardiac resynchronization therapy

380 0.01 2002 Echocardiography

378 0.02 2002 Dysfunction

363 0.02 2002 Hypertrophic cardiomyopathy

343 0.03 2002 Coronary artery disease

318 0.01 2002 Congestive heart failure

295 0.02 2002 Disease

293 0.01 2009 Late gadolinium enhancement

271 0.02 2002 Myocardial infarction

264 0.03 2003 Magnetic resonance

252 0.02 2002 Ejection fraction
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Based on the cluster analysis of references, the clusters with 
many papers in the last 5 years included “arrhythmogenic 
card iomyopathy”  and “endomyocardia l  b iopsy” . 
Arrhythmogenic cardiomyopathy causes arrhythmia, including 
arrhythmogenic right ventricular cardiomyopathy, DCM, 
and hypertrophic cardiomyopathy (15). Arrhythmogenic 
right ventricular cardiomyopathy is an inherited disease 
characterized by arrhythmia and sudden cardiac death. The 
typical pathological manifestation of arrhythmogenic right 
ventricular cardiomyopathy is fibro-fatty tissue substitution 

in the myocardium. It is challenging to distinguish 
arrhythmogenic right ventricular cardiomyopathy from 
DCM because both diseases exhibit the same clinical 
characteristics, such as ventricular tachycardia/fibrillation, 
palpitations, and syncope, along with accompaniment of 
ventricular dilatation and dysfunction (16). Differentiating 
the 2 diseases and appropriate treatment based on radiology 
methods have become a current research hot spots. In 
addition, arrhythmogenic cardiomyopathy is closely related 
to sudden cardiac death in patients. Patients with DCM 

Figure 8 Cluster visualization of the co-occurrence network of keywords via CiteSpace V.
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Figure 9 Cluster visualization of the co-occurrence network of keywords via VOSviewer.

Figure 10 The top 25 keywords with the strongest citation bursts generated via CiteSpace V. Blue color represents the time period in which 
the keyword existed. Red part color represents time period of the keyword’s citation burst.
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can be stratified into groups based on radiological findings 
and genetics, with the survival rate and prognosis varying 
among groups (15,17). Studies have shown that LGE-CMR 
more accurately performs ventricular tachycardia (VT) 
stratification and better predicts the risk of sudden cardiac 
death (SCD) in DCM patients. Additionally, LGE-CMR 
enhances the reliability of CRT, ICD, and other treatment 
methods (18-20). Endomyocardial biopsy is an invasive 
histological examination of the endocardium. Although 
endomyocardial biopsy is not the preferred method for the 
examination of DCM, owing to its invasiveness, it plays 
a significant role in studying myocardial microstructure 
and pathogenesis. In previous studies, endomyocardial 
biopsy was used to investigate the pathophysiological 
mechanisms of DCM (21,22). With the discovery of an 
association between inflammatory cardiomyopathy and 
DCM, endomyocardial biopsy has gradually attracted 
intense research interest (23). Meanwhile, the development 
of MRI techniques has made it possible to visualize the 
microscopic structure of the heart muscle, which provides 
an opportunity to combine endomyocardial biopsy with 
imaging. Hiroyuki et al. compared results of CMR with 
EMB in patients with proven DMB diagnosed with 
endomyocardial biopsy (EMB) using a segment-by-segment 
analysis. The result showed that the clinical diagnostic 
accuracy of CMR for EMB was relatively high, T2-
weighted imaging (T2WI) on CMR had high specificity 
for detection of inflammation on EMB, and LGE on CMR 
had low diagnostic accuracy for detecting fibrosis (24). In 
addition, classification of DCM subtype based on multiple 
methods, such as pathology, imaging, biochemistry, etc., has 
gradually become a hot spot (25). The study on ventricular 
remodeling and long-term prognosis in patients with 
DCM is an area of intense clinical research interest. The 
factors influencing prognosis and myocardial remodeling in 
patients with DCM through use of endomyocardial biopsy 
have been explored at the cellular, gene, and protein levels, 
among others. It has been found that M2 macrophages, 
microRNA, and tenascin C proteins play an important 
role in predicting left ventricular remodeling and the long-
term prognosis of DCM (26-28). In addition, T2 mapping 
can stratify the different myocardial inflammation stages in 
similar fashion to endomyocardial biopsy, suggesting that 
medical radiology overcomes the limitations of internal 
biopsy in a few research fields (29).

Keywords represent the core theme and content of a 
study. “Heart failure” was the keyword with the strongest 

citation burst, only below “dilated cardiomyopathy”, 
attesting to the significance of HF in DCM. Among the 
top 25 keywords with the strongest citation bursts, the 
top 3 keywords were “late gadolinium enhancement”, 
“congestive heart failure”, and “cardiovascular magnetic 
resonance”. LGE boosts myocardial fibrosis imaging 
accuracy because the elution time of gadolinium agents 
varies with different tissue structures. Presently, LGE 
improves the risk stratification of ventricular arrhythmias 
in patients with DCM. Positive LGE results have been 
linked to poor prognosis, which helps in guiding clinical 
follow-up treatment (30-32). “Congestive heart failure” is 
the previous term for “heart failure (HF)”. The definition 
of HF is constantly updated with a deeper understanding 
of the mechanisms underlying the event. According to the 
latest clinical guidelines, HF is classified into 3 types based 
on LVEF: HF with reduced EF (LVEF <40%), HF with 
mid-range EF (40%≤ LVEF ≤49%), and HF with preserved 
EF (LVEF >49%) (12). These different types of HF involve 
different clinical characteristics, and the prognostic studies 
of patients in the 3 groups have become a current research 
hot spot. “Cardiac magnetic resonance and cardiovascular 
magnetic resonance” both involve application of magnetic 
resonance technology in the microstructure examination, 
genetic study, risk stratification, and prognostic evaluation 
of DCM. In terms of microvascular function, Gulati et al. 
found that global stress myocardial blood flow (MBF) in 
patients DCM was lower than that in healthy controls, 
suggesting that stress-induced repetitive stunning may lead 
to the DCM progression (33). In addition, as mentioned 
above, CMR-LGE plays an important role in DCM risk 
stratification; for instance, a simple algorithm combining 
LGE and 3 LVEF strata (20%, 21–35%, >35%) was proven 
to be significantly superior to LVEF at 35% cutoff (31). 
On this basis, Halliday et al. further verified the association 
between LGE area and end-point events such as SCD. 
The results showed that estimated hazard ratios for the 
primary end point for patients with an LGE extent of 0% 
to 2.5%, 2.5–5%, and >5% compared with those without 
LGE were 10.6, 4.9, and 11.8, respectively (30). After 
these results were published, research into the prognosis 
and risk stratification of LGE-negative patients has 
drastically intensified. A study with the aim of examining 
the prognostic value of T1 mapping and the extracellular 
volume (ECV) fraction in patients DCM reported that in a 
LGE-negative group, patients with LVEFs <38.0%, native 
T1 mean >936 ms, or ECV mean >25.9% had significantly 
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shorter survival (34). In recent years, the value of left atrial 
(LA) function based on CMR in the prognosis of patients 
DCM has been gradually recognized. The studies of Li et 
al. and Chen et al. both support the value of LA strain in 
predicting the adverse clinical outcome of DCM (35,36). 
In a separate study, LA reservoir strain and conduit strain 
were found to be independent predictors of the primary end 
point (36).

In our bibliometric analysis, the top 3 keywords with 
the highest citation burst after 2018 were “sudden cardiac 
death”, “cardiac magnetic resonance”, and “ventricular 
arrhythmia”, with “cardiac magnetic resonance” being the 
most cited among them. This suggests that CMR imaging 
has long played an important role in DCM radiology. 
Ventricular arrhythmia is a common complication of DCM, 
whose main clinical features include ventricular arrhythmia, 
ventricular tachycardia, and ventricular fibrillation. Because 
ventricular fibrillation is a common cause of SCD, risk 
stratification of ventricular fibrillation in patients with 
DCM and prediction of SCD have emerged to the forefront 
of DCM radiology research (31,32,37,38).

CiteSpace V and VOSviewer software were used to 
cluster keywords. The clusters of interest, including “left 
ventricular reverse remodeling”, mitral regurgitation”, and 
“deep learning”, were selected for analysis. Left ventricular 
reverse remodeling (LVRR) refers to the reversal of 
the reconstructed myocardium after chemotherapy or 
mechanical therapy and characterized by the enlargement of 
the heart cavity and increased myocardial contractility (39).  
The occurrence of LVRR indicates the effectiveness 
of the treatment and predicts a good DCM prognosis 
(40,41). Currently, radiological methods such as LGE and 
myocardial strain have been validated for evaluating and 
predicting LVRR. However, standard guidelines for LVRR 
diagnosis and treatment have not yet been proposed (42-45).  
Mitral regurgitation reflects mitral insufficiency and left 
ventricular systolic function, and the severity of mitral 
regurgitation reflects the morbidity and mortality of patients 
with DCM (46,47). Studies have shown that the T1 value 
of papillary muscle and left ventricular global longitudinal 
strain (GLS) accurately reflects mitral regurgitation fraction 
and left ventricular function and predicts DCM prognosis 
(48,49). Deep learning is an algorithm that uses artificial 
neural networks as a framework to characterize and mine 
critical data in databases. The rapid development of deep 
learning in recent years has been widely applied in the 
exploration of medical radiology, biological engineering, 

and other related fields (50,51). Deep learning is used to 
analyze short-axis slices and 2- and 4-chamber long-axis 
images and provides relevant parameters such as strain and 
ejection fraction (52). In addition, an algorithm based on 
deep learning has been developed to automatically measures 
the native T1 value and ECV in CMR imaging, which helps 
in the differentiation of hypertrophic cardiomyopathy, 
myocardial amyloidosis, Fabry disease, and DCM (53). 
In addition, a combination of genomics with DCM 
image-based deep learning has been shown to enhance 
the accuracy of diagnosis, subtype classification, and risk 
stratification of patients with DCM, which is important for 
selecting the appropriate personalized treatment (54).

Limitations

This study has some several limitations. First, all included 
articles were downloaded from WoSCC; therefore, 
important findings from other database could have been 
missed. Second, the retrieved articles were selected based 
on the research direction and literature type, and not all 
articles were reviewed. This might have led to errors in 
the number of publications, but impact on the proportion 
of various fields and trend prediction is likely minimal. In 
addition, only articles published in the English language 
were considered in this study, and thus relevant studies 
in other languages might have been excluded. However, 
given that English is the most widely used language in the 
academic world, we believe the most significant studies 
were included in our analysis. Finally, medical radiology is 
often used as an auxiliary tool for clinical research. Thus, 
as there are presently no image-related keywords in some 
clinical research articles, this might have led to incomplete 
retrieval.

Conclusions

This study showed that the development of DCM radiology 
research is steadily increasing over the years. The United 
States has the highest number of publications. Moreover, 
the United States and Northern Europe are the most 
influential countries in research on DCM radiology, with 
many leading outstanding research institutions in this field. 
The “2016 ESC Guidelines for the diagnosis and treatment 
of acute and chronic heart failure” is the most cited article, 
which provides an in-depth insight into the field of DCM 
radiology. At present, the research hotspots for further 
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studies include the stratification of ventricular arrhythmia, 
myocardial fibrosis, prognosis prediction of CRT, and 
classification of DCM subtypes.

Acknowledgments

We would like to thank Ms. Tang Linxin (Southwest 
University of Finance and Economics) for the help with 
figure artwork.
Funding: This study was supported by the National Natural 
Science Foundation of China (No. 82260342).

Footnote

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-34/coif). 
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. All data were 
obtained through literature retrieval based on the Web of 
Science Core Collection database. No medical institutions 
or patients were included, and thus ethical approval or 
informed consent was not applicable.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Richardson P, McKenna W, Bristow M, Maisch B, 
Mautner B, O'Connell J, Olsen E, Thiene G, Goodwin 
J, Gyarfas I, Martin I, Nordet P. Report of the 1995 
World Health Organization/International Society and 
Federation of Cardiology Task Force on the Definition 
and Classification of cardiomyopathies. Circulation 
1996;93:841-2.

2. Schultheiss HP, Fairweather D, Caforio ALP, Escher 

F, Hershberger RE, Lipshultz SE, Liu PP, Matsumori 
A, Mazzanti A, McMurray J, Priori SG. Dilated 
cardiomyopathy. Nat Rev Dis Primers 2019;5:32.

3. Reichart D, Magnussen C, Zeller T, Blankenberg S. 
Dilated cardiomyopathy: from epidemiologic to genetic 
phenotypes: A translational review of current literature. J 
Intern Med 2019;286:362-72.

4. Ciarambino T, Menna G, Sansone G, Giordano 
M. Cardiomyopathies: An Overview. Int J Mol Sci 
2021;22:7722.

5. Weintraub RG, Semsarian C, Macdonald P. Dilated 
cardiomyopathy. Lancet 2017;390:400-14.

6. Haas GJ, Zareba KM, Ni H, Bello-Pardo E, Huggins 
GS, Hershberger RE; . Validating an Idiopathic Dilated 
Cardiomyopathy Diagnosis Using Cardiovascular 
Magnetic Resonance: The Dilated Cardiomyopathy 
Precision Medicine Study. Circ Heart Fail 
2022;15:e008877.

7. Casas G, Rodríguez-Palomares JF. Multimodality Cardiac 
Imaging in Cardiomyopathies: From Diagnosis to 
Prognosis. J Clin Med 2022;11:578.

8. Harding D, Chong MHA, Lahoti N, Bigogno CM, Prema 
R, Mohiddin SA, Marelli-Berg F. Dilated cardiomyopathy 
and chronic cardiac inflammation: Pathogenesis, diagnosis 
and therapy. J Intern Med 2023;293:23-47.

9. Bordons M, Zulueta MA. Evaluation of the scientific 
activity through bibliometric indices. Rev Esp Cardiol 
1999;52:790-800.

10. Ding Y. Scientific collaboration and endorsement: 
Network analysis of coauthorship and citation networks. J 
Informetr 2011;5:187-203.

11. Zheng J, Zhou R, Meng B, Li F, Liu H, Wu X. Knowledge 
framework and emerging trends in intracranial aneurysm 
magnetic resonance angiography: a scientometric 
analysis from 2004 to 2020. Quant Imaging Med Surg 
2021;11:1854-69.

12. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland 
JGF, Coats AJS, et al. 2016 ESC Guidelines for the 
diagnosis and treatment of acute and chronic heart failure: 
The Task Force for the diagnosis and treatment of acute 
and chronic heart failure of the European Society of 
Cardiology (ESC)Developed with the special contribution 
of the Heart Failure Association (HFA) of the ESC. Eur 
Heart J 2016;37:2129-200.

13. Rodriguez A, Laio A. Machine learning. Clustering by fast 
search and find of density peaks. Science 2014;344:1492-6.

14. Li Y, Gao Q, Chen N, Zhang Y, Wang J, Li C, He X, 
Jiao Y, Zhang Z. Clinical studies of magnetic resonance 

https://qims.amegroups.com/article/view/10.21037/qims-23-34/coif
https://qims.amegroups.com/article/view/10.21037/qims-23-34/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Fang et al. Research status and trend of radiology in DCM7026

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(10):7012-7028 | https://dx.doi.org/10.21037/qims-23-34

elastography from 1995 to 2021: Scientometric and 
visualization analysis based on CiteSpace. Quant Imaging 
Med Surg 2022;12:5080-100.

15. Nagueh SF, Zoghbi WA. Role of Imaging in the 
Evaluation of Patients at Risk for Sudden Cardiac Death: 
Genotype-Phenotype Intersection. JACC Cardiovasc 
Imaging 2015;8:828-45.

16. Kohela A, van Rooij E. Fibro-fatty remodelling in 
arrhythmogenic cardiomyopathy. Basic Res Cardiol 
2022;117:22.

17. Lukas Laws J, Lancaster MC, Ben Shoemaker M, 
Stevenson WG, Hung RR, Wells Q, Marshall Brinkley 
D, Hughes S, Anderson K, Roden D, Stevenson LW. 
Arrhythmias as Presentation of Genetic Cardiomyopathy. 
Circ Res 2022;130:1698-722.

18. Zeppenfeld K, Wijnmaalen AP, Ebert M, Baldinger SH, 
Berruezo A, Catto V, Vaseghi M, Arya A, Kumar S, de 
Riva M, Deneke T, Gaspar T, Soejima K, van Rein N, 
Tedrow UB, Piorkowski C, Shivkumar K, Carbucicchio 
C, Hindricks G, Stevenson WG. Clinical Outcomes in 
Patients With Dilated Cardiomyopathy and Ventricular 
Tachycardia. J Am Coll Cardiol 2022;80:1045-56.

19. Halliday BP, Cleland JGF, Goldberger JJ, Prasad SK. 
Personalizing Risk Stratification for Sudden Death in 
Dilated Cardiomyopathy: The Past, Present, and Future. 
Circulation 2017;136:215-31.

20. Halliday BP, Baksi AJ, Gulati A, Ali A, Newsome S, 
Izgi C, Arzanauskaite M, Lota A, Tayal U, Vassiliou 
VS, Gregson J, Alpendurada F, Frenneaux MP, Cook 
SA, Cleland JGF, Pennell DJ, Prasad SK. Outcome in 
Dilated Cardiomyopathy Related to the Extent, Location, 
and Pattern of Late Gadolinium Enhancement. JACC 
Cardiovasc Imaging 2019;12:1645-55.

21. Vigliano CA, Cabeza Meckert PM, Diez M, Favaloro 
LE, Cortés C, Fazzi L, Favaloro RR, Laguens RP. 
Cardiomyocyte hypertrophy, oncosis, and autophagic 
vacuolization predict mortality in idiopathic dilated 
cardiomyopathy with advanced heart failure. J Am Coll 
Cardiol 2011;57:1523-31.

22. Ibe W, Saraste A, Lindemann S, Bruder S, Buerke M, 
Darius H, Pulkki K, Voipio-Pulkki LM. Cardiomyocyte 
apoptosis is related to left ventricular dysfunction and 
remodelling in dilated cardiomyopathy, but is not 
affected by growth hormone treatment. Eur J Heart Fail 
2007;9:160-7.

23. Heymans S, Eriksson U, Lehtonen J, Cooper LT Jr. 
The Quest for New Approaches in Myocarditis and 
Inflammatory Cardiomyopathy. J Am Coll Cardiol 

2016;68:2348-64.
24. Takaoka H, Funabashi N, Ueda M, Fujimoto Y, Kishimoto 

T, Ota S, Nakatani Y, Kobayashi Y. Diagnostic comparison 
of cardiac magnetic resonance with endomyocardial biopsy 
in patients with dilated cardiomyopathy: A segment-by-
segment analysis. Int J Cardiol 2016;220:739-41.

25. Verdonschot JAJ, Merlo M, Dominguez F, Wang P, 
Henkens MTHM, Adriaens ME, Hazebroek MR, Masè 
M, Escobar LE, Cobas-Paz R, Derks KWJ, van den 
Wijngaard A, Krapels IPC, Brunner HG, Sinagra G, 
Garcia-Pavia P, Heymans SRB. Phenotypic clustering 
of dilated cardiomyopathy patients highlights important 
pathophysiological differences. Eur Heart J 2021;42:162-74.

26. Yokokawa T, Sugano Y, Nakayama T, Nagai T, Matsuyama 
TA, Ohta-Ogo K, Ikeda Y, Ishibashi-Ueda H, Nakatani 
T, Yasuda S, Takeishi Y, Ogawa H, Anzai T. Significance 
of myocardial tenascin-C expression in left ventricular 
remodelling and long-term outcome in patients with 
dilated cardiomyopathy. Eur J Heart Fail 2016;18:375-85.

27. Nakayama T, Sugano Y, Yokokawa T, Nagai T, Matsuyama 
TA, Ohta-Ogo K, Ikeda Y, Ishibashi-Ueda H, Nakatani 
T, Ohte N, Yasuda S, Anzai T. Clinical impact of the 
presence of macrophages in endomyocardial biopsies of 
patients with dilated cardiomyopathy. Eur J Heart Fail 
2017;19:490-8.

28. Sucharov CC, Kao DP, Port JD, Karimpour-Fard A, 
Quaife RA, Minobe W, Nunley K, Lowes BD, Gilbert 
EM, Bristow MR. Myocardial microRNAs associated with 
reverse remodeling in human heart failure. JCI Insight 
2017;2:e89169.

29. Spieker M, Katsianos E, Gastl M, Behm P, Horn P, Jacoby 
C, Schnackenburg B, Reinecke P, Kelm M, Westenfeld R, 
Bönner F. T2 mapping cardiovascular magnetic resonance 
identifies the presence of myocardial inflammation in 
patients with dilated cardiomyopathy as compared to 
endomyocardial biopsy. Eur Heart J Cardiovasc Imaging 
2018;19:574-82.

30. Halliday BP, Gulati A, Ali A, Guha K, Newsome S, 
Arzanauskaite M, et al. Association Between Midwall 
Late Gadolinium Enhancement and Sudden Cardiac 
Death in Patients With Dilated Cardiomyopathy and 
Mild and Moderate Left Ventricular Systolic Dysfunction. 
Circulation 2017;135:2106-15.

31. Di Marco A, Brown PF, Bradley J, Nucifora G, Claver 
E, de Frutos F, Dallaglio PD, Comin-Colet J, Anguera I, 
Miller CA, Schmitt M. Improved Risk Stratification for 
Ventricular Arrhythmias and Sudden Death in Patients 
With Nonischemic Dilated Cardiomyopathy. J Am Coll 



Quantitative Imaging in Medicine and Surgery, Vol 13, No 10 October 2023 7027

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(10):7012-7028 | https://dx.doi.org/10.21037/qims-23-34

Cardiol 2021;77:2890-905.
32. Mirelis JG, Escobar-Lopez L, Ochoa JP, Espinosa 

MÁ, Villacorta E, Navarro M, et al. Combination of 
late gadolinium enhancement and genotype improves 
prediction of prognosis in non-ischaemic dilated 
cardiomyopathy. Eur J Heart Fail 2022;24:1183-96.

33. Gulati A, Ismail TF, Ali A, Hsu LY, Gonçalves C, 
Ismail NA, et al. Microvascular Dysfunction in Dilated 
Cardiomyopathy: A Quantitative Stress Perfusion 
Cardiovascular Magnetic Resonance Study. JACC 
Cardiovasc Imaging 2019;12:1699-708.

34. Li S, Zhou D, Sirajuddin A, He J, Xu J, Zhuang B, Huang 
J, Yin G, Fan X, Wu W, Sun X, Zhao S, Arai AE, Lu M. 
T1 Mapping and Extracellular Volume Fraction in Dilated 
Cardiomyopathy: A Prognosis Study. JACC Cardiovasc 
Imaging 2022;15:578-90.

35. Chen X, Chen R, Luo X, Wu X, Yang Y, Du Z, Wei X, 
Wu Z, Xu Y, Liu H. The prognostic value of the left atrial 
strain rate determined using cardiovascular magnetic 
resonance feature tracking imaging in patients with severe 
idiopathic dilated cardiomyopathy. Cardiovasc Diagn Ther 
2022;12:767-78.

36. Li Y, Xu Y, Tang S, Jiang X, Li W, Guo J, Yang F, Xu 
Z, Sun J, Han Y, Zhu Y, Chen Y. Left Atrial Function 
Predicts Outcome in Dilated Cardiomyopathy: Fast 
Long-Axis Strain Analysis Derived from MRI. Radiology 
2022;302:72-81.

37. Claver E, Di Marco A, Brown PF, Bradley J, Nucifora G, 
Ruiz-Majoral A, Dallaglio PD, Rodriguez M, Comin-Colet 
J, Anguera I, Miller CA, Schmitt M. Prognostic impact 
of late gadolinium enhancement at the right ventricular 
insertion points in non-ischaemic dilated cardiomyopathy. 
Eur Heart J Cardiovasc Imaging 2023;24:346-53.

38. Chen W, Qian W, Zhang X, Li D, Qian Z, Xu H, Liao 
S, Chen X, Wang Y, Hou X, Patel AR, Xu Y, Zou J. 
Ring-like late gadolinium enhancement for predicting 
ventricular tachyarrhythmias in non-ischaemic dilated 
cardiomyopathy. Eur Heart J Cardiovasc Imaging 
2021;22:1130-8.

39. Mann DL, Barger PM, Burkhoff D. Myocardial recovery 
and the failing heart: myth, magic, or molecular target? J 
Am Coll Cardiol 2012;60:2465-72.

40. Naqvi SY, Jawaid A, Vermilye K, Biering-Sørensen T, 
Goldenberg I, Zareba W, McNitt S, Polonsky B, Solomon 
SD, Kutyifa V. Left Ventricular Reverse Remodeling in 
Cardiac Resynchronization Therapy and Long-Term 
Outcomes. JACC Clin Electrophysiol 2019;5:1001-10.

41. Gold MR, Rickard J, Daubert JC, Zimmerman P, Linde 

C. Redefining the Classifications of Response to Cardiac 
Resynchronization Therapy: Results From the REVERSE 
Study. JACC Clin Electrophysiol 2021;7:871-80.

42. Park JH, Negishi K, Grimm RA, Popovic Z, Stanton T, 
Wilkoff BL, Marwick TH. Echocardiographic predictors 
of reverse remodeling after cardiac resynchronization 
therapy and subsequent events. Circ Cardiovasc Imaging 
2013;6:864-72.

43. Papadopoulos K, Ikonomidis I, Chrissoheris M, Chalapas 
A, Kourkoveli P, Parissis J, Spargias K. MitraClip and left 
ventricular reverse remodelling: a strain imaging study. 
ESC Heart Fail 2020;7:1409-18.

44. Masci PG, Schuurman R, Andrea B, Ripoli A, Coceani 
M, Chiappino S, Todiere G, Srebot V, Passino C, Aquaro 
GD, Emdin M, Lombardi M. Myocardial fibrosis as 
a key determinant of left ventricular remodeling in 
idiopathic dilated cardiomyopathy: a contrast-enhanced 
cardiovascular magnetic study. Circ Cardiovasc Imaging 
2013;6:790-9.

45. Patel C, Kalaivani M, Karthikeyan G, Peix A, Kumar A, 
Massardo T, Jiménez-Heffernan A, Mesquita CT, Pabon 
M, Butt S, Alexanderson E, Marin V, Morozova O, Paez 
D, Garcia EV. Effect of cardiac resynchronization therapy 
on septal perfusion and septal thickening: Association 
with left ventricular function, reverse remodelling and 
dyssynchrony. J Nucl Cardiol 2020;27:1274-84.

46. Sannino A, Smith RL 2nd, Schiattarella GG, Trimarco B, 
Esposito G, Grayburn PA. Survival and Cardiovascular 
Outcomes of Patients With Secondary Mitral 
Regurgitation: A Systematic Review and Meta-analysis. 
JAMA Cardiol 2017;2:1130-9.

47. Japp AG, Gulati A, Cook SA, Cowie MR, Prasad SK. The 
Diagnosis and Evaluation of Dilated Cardiomyopathy. J 
Am Coll Cardiol 2016;67:2996-3010.

48. Kato S, Nakamori S, Roujol S, Delling FN, Akhtari S, Jang 
J, Basha T, Berg S, Kissinger KV, Goddu B, Manning WJ, 
Nezafat R. Relationship between native papillary muscle 
T(1) time and severity of functional mitral regurgitation 
in patients with non-ischemic dilated cardiomyopathy. J 
Cardiovasc Magn Reson 2016;18:79.

49. Kamperidis V, Marsan NA, Delgado V, Bax JJ. Left 
ventricular systolic function assessment in secondary 
mitral regurgitation: left ventricular ejection fraction vs. 
speckle tracking global longitudinal strain. Eur Heart J 
2016;37:811-6.

50. Lundervold AS, Lundervold A. An overview of deep 
learning in medical imaging focusing on MRI. Z Med Phys 
2019;29:102-27.



Fang et al. Research status and trend of radiology in DCM7028

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(10):7012-7028 | https://dx.doi.org/10.21037/qims-23-34

Cite this article as: Fang Q, Huang K, Yao X, Peng Y, Kan A, 
Song Y, Wang X, Xiao X, Gong L. The application of radiology 
for dilated cardiomyopathy diagnosis, treatment, and prognosis 
prediction: a bibliometric analysis. Quant Imaging Med Surg 
2023;13(10):7012-7028. doi: 10.21037/qims-23-34

51. Asher C, Puyol-Antón E, Rizvi M, Ruijsink B, Chiribiri 
A, Razavi R, Carr-White G. The Role of AI in 
Characterizing the DCM Phenotype. Front Cardiovasc 
Med 2021;8:787614.

52. Ruijsink B, Puyol-Antón E, Oksuz I, Sinclair M, Bai 
W, Schnabel JA, Razavi R, King AP. Fully Automated, 
Quality-Controlled Cardiac Analysis From CMR: 
Validation and Large-Scale Application to Characterize 
Cardiac Function. JACC Cardiovasc Imaging 
2020;13:684-95.

53. Chang S, Han K, Lee S, Yang YJ, Kim PK, Choi BW, 
Suh YJ. Automated Measurement of Native T1 and 
Extracellular Volume Fraction in Cardiac Magnetic 
Resonance Imaging Using a Commercially Available Deep 
Learning Algorithm. Korean J Radiol 2022;23:1251-9.

54. Sammani A, Baas AF, Asselbergs FW, Te Riele ASJM. 
Diagnosis and Risk Prediction of Dilated Cardiomyopathy 
in the Era of Big Data and Genomics. J Clin Med 
2021;10:921.


